Drug protein binding phenomena can lead to some interesting drug -drug interactions when one drug displaces another in the binding site. Studies of protein binding are conducted by several methods including equilibrium dialysis, ultra-filtration and chromatographic methods. Gel filtration is a simple chromatographic method in protein binding studies. Propranolol binds to plasma proteins by 90% -95% in circulation system and other drugs with high protein binding may displace it. In this study protein binding of propranolol has been studied using gel filtration to Bovine Serum Albumin (BSA) alone and in the presence of Acetyl salicylic acid (ASA), Indomethacin and mefenamic acid has been studied using gel filtration method. The results indicated that ASA decreased protein binding of propranolol by 20% to BSA and other drugs did not displace propranolol from the binding site. Therefore, ASA may alter pharmacological effects of propranolol.
INTRODUCTION
The binding of drugs to plasma and tissue proteins is an important factor affecting their distribution and rate of metabolism. Pharmacological effect is closely related to the free concentration of drug at its site of action.
There are examples of many drug-drug interactions which have been reported to present displacement of the bound drug by a second therapeutic agent.
Acidic drugs commonly bind to plasma albumin and concomitantly administered drugs may displace one another from their binding site. Basic drugs may bind to either albumin or α-acid glycoprotein.
Propranolol is the most widely used adrenergic α-receptor blocking agent that binds to plasma proteins by 90%-95%.
Evans et al. reported that propranolol mainly bound to albumin (1) but Sager and co-workers reported that propranolol binds mainly to α-acid glycoprotein (2) . Certainly, propranolol binds to albumin as well as to ∝-acid glycoprotein (3, 4) .
It has been reported that binding of propranolol to albumin or α-acid glycoprotein is related to the animals' species (5). Serum binding of some basic drugs such as propranolol is increased with inflammation or stress and it is confirmed that this is due to an increase of the plasma proteins (5).
The absorption, protein binding and metabolism of propranolol may all be affected by the coadministration of other drugs (6) . It has been reported that propranolol can displace ASA from its binding sites (7) and also the antihypertensive effect of propranolol may be influenced by concomitant therapy with NSAIDs (8, 9, 10) . Indomethacin also magnified the effect of propranolol on total peripheral resistance (11) .
NSAIDs have high protein binding that may represent displacement of bound drugs especially those bound to albumin (12) . Mefenamic acid can displace warfarin from its binding sites (internet). Therefore, NSAIDs may change protein binding of propranolol to albumin. methods among which equilibrium dialysis is a routine method. Ultracentrifugation may generate erroneous results due to sieve effect to compounds with molecular weights >300. Ultracentrifugation is not suitable for measuring salicylate binding to BSA at low salicylate concentrations (13) .
The application of gel filtration to the study of protein binding of small molecules has been reported three decades ago (14, 15) . Sephadex gel filtration provided greater precision and accuracy in the determination of binding parameters of salicylate than did equilibrium dialysis (13) .
In this study we used gel filtration method for determining the interaction and displacement in protein binding studies. Chromatographic methods, which now take advantage of the technology of high performance liquid chromatography, are generally faster (16) . In chromatographic methods such as gel filtration for quantification of drug -protein complex studies, Hummel and Dryer method is applied because a very small amount of protein is added to the mobile phase containing the drugs.
While there are many reports about interaction between propranolol and NSAIDs, there is no any evidence about displacement of propranolol from its binding sites by NSAIDs.
So in this study there is an attempt to investigate propranolol displacement by Acetyl Salicylic Acid, Mefenamic Acid and Indomethacin from its binding sites on BSA. Another objective of this study is to verify whether gel filtration is a simple and appropriate method for this purpose or not.
MATERIAL AND METHODS
Reagents : Bovine Serum Albumin and Sephadex G-25 were purchased from Sigma.
Standard drugs vials of Propranolol, Indomethacin, Mefenamic Acid and Acetyl Salicylic Acid were purchased from Merck Co.
Methods
Protein binding study : The method of Hummel and Dryer was followed for protein binding study. Solutions of propranolol at concentrations 1, 2, 5, 7.5 and 10 M were prepared in phosphate buffer pH = 7.4. The propranolol solutions were applied to a Sephadex G-25 column (50 × 5 cm) and 2ml fractions were collected. Concentration of propranolol in the total fractions was determined by spectroflourimetric method (17) .
The fluorescence of fractions was obtained and when it became constant and equal to fluorescence of the original sample, then 1 ml of BSA 4% with each propranolol sample was separately added to the column and the column was eluted with propranolol. The fractions were collected until the fractions were free of protein. Identification of proteins was carried out using Lowry method (18) . 
RESULTS
The results were obtained using Hummel and Dryer method. In this method concentration of propranolol was obtained in each fraction. Then a curve of concentration of propranolol was plotted versus fraction numbers. Fig.1 shows the curve for 1 M propranolol.
The results revealed that concentration of propranolol in the initial fractions was constant. After adding 1ml BSA 4% to the column, concentration of propranolol increased and then decreased. AUC was calculated in the ascending (fractions 1-12) and descending part of the curve (fractions 13-39) for each concentration of propranolol ( Table 1 ).
The curve was plotted and AUC was calculated for 1 M propranolol alone ( Fig. 1 ) and in the presence of ASA 1.6 mM, Mefenamic Acid 20 m and Indomethacin 7 M (Fig. 1) .
Variations in AUC show that only ASA 1.6mM can displace propranolol 1 M significantly from its binding sites on BSA (Fig . 1) (p < 0.01 ).
As shown in Table 1 , ASA 1.6 mM could displace propranolol from its binding sites on BSA significantly about 20% for each propranolol concentration.
DISCUSSION
Protein binding of propranolol is affected by many factors such as the kind of protein, buffer, pH, temperature and the species of animal (5) . Therefore co-administration of propranolol and drugs with high protein binding may change free or bound concentrations of propranolol.
Gel filtration is a simple method in the studies of protein binding interactions of drugs.
Albumin -phenylbutazone and albumin -warfarin interactions are studied by different methods in protein binding and it is reported that chromatographic methods have validity as a tool to study drug -protein interactions (16) .
The chromatographic procedure curve shows that concentration of propranolol in the initial fractions is equal to eluent or free propranolol concentration. After adding BSA, concentration of propranolol increases because these fractions contain free and bound drug. When total proteins are extracted from the column in the final fractions concentration of propranolol is reduced (Fig. 1) . The amount of bound drug can be obtained from the AUC for each concentration.
Although protein binding parameters are used for determining the displacement of a drug from its binding sites, in this method we could determine displacement of propranolol from binding sites by a second drug using variation in AUC, because this variation shows differences in concentrations of the free and bound drug. Fig.1 shows that ASA 1.6 M decreased protein binding of propranolol 1ìM to BSA about 20% and other drugs did not affect the binding of propranolol to BSA which is observed in all of the samples (Table  1) . However, there are some reports about propranolol -NSAIDs interactions (8, 9, 10, 11) but our results show that these interactions are not due to alteration in protein binding, else ASA-propranolol interaction.
ASA decreased protein binding of propranolol only about 20% at different concentrations of propranolol (1-10 mM), because the concentration of ASA was so much higher than propranolol in all of the experiments that there were no significant alterations in displacement of propranolol at 1-10 M concentration by ASA.
ASA can cause alteration in the protein binding of some acidic and basic drugs. It has been reported that SA displaces warfarin from protein binding (19) . Miners and coworkers have reported that salicylic acid displaces protein binding of ibuprofen, tolmetin and sodium diclofenac (20) . Also displacement of valproic acid from protein binding by salicylates and several NSAIDs like tolmetin and ibuprofen have been described (12) . ASA can displace imipramine from protein binding site (21) , while antidepressant agents such as imipramine are basic (cationic) drugs that are known to bind to α-Acid glycoprotein (22).
Uma and co-workers reported that propranolol increased protein binding of ASA to plasma proteins by 10%-50% and it is suggested that ASA and Propranolol bound to two different sites on plasma proteins (7). However, we suggest that a competitive antagonism between the two drugs for binding to BSA is possible.
Even ASA displaces propranolol from its binding sites only about 20%, but it probably significantly increases free concentration of propranolol, because propranolol has a high protein binding. If a drug reduces binding from 99% to 95%, it will thereby increase the unbound concentration of free and active drug form 1% to 4% (a fourfold increase). Therefore ASA may change pharmacokinetic of propranolol, but clinical studies (invivo) should be employed. Propranolol is a basic drug and has binding sites within the plasma that are different from those occupied by acidic drugs (alphaacid glycoprotein rather than albumin). Moreover, propranolol has a large volume of distribution, so perhaps is actually no clinically important displacement interaction.
